A comparative study on the removal of several pathogenic bacteria and their indicators was carried out at three natural wastewater treatment systems: stabilisation pond. high-rate algal pond and a free-water macrophyte system, retention times being 24, Sand 3 days respectively. The macrophyte system showed higher removal efficiency for most of the groups, followed by stabilisation pond and high rate algal pond. All systems showed their highest efficiencies in the reduction of total coliforms, ranging from 98.68% for the stabilisation pond to 99.48% for the macrophyte process. Highly significant differences were found between the systems for bifidobacleria, C. peifringens and total collforms removal. Pathogens and their indicators showed a different behaviour in their daily removal rate depending on the treatment plant. it) 1997 IAWQ. Published by Elsevier Science Ltd KEYWORDS Pathogens; faecal indicators; stabilisation ponds; high rate algal ponds; macrophytes.
INTRODUCfION
Mechanical wastewater treatment systems present very high operational and maintenance costs to allow them to be used in rural areas. In these situations low-cost alternatives should be used, especially those natural systems which allow the reuse of wastewater for irrigation. Stabilisation ponds, high-rate algal ponds and macrophytes are three low-cost treatment systems to be applied to these situations. Waste stabilization ponds have been widely studied and there is a great deal of information concerning the removal of BOD, nutrients, as well as pathogenic bacteria (Nascimento, 1987; Pearson et al.• 1987; Gabrhelova, 1991; Mara et al., 1992) . In contrast, there is little knowledge with respect to pathogen removal in high rate ponds and in the macrophytes systems. This study compares the treatment efficiency of the three systems by means of their performance in the removal of Clostridium perjringens, bifidobacteria, Pseudomonas spp, staphylococci, total coliforms, faecal coliforms and faecal streptococci.
MATERIALS AND METHODS

Free-water macrophytes treatment system (FWS)
• three tanks in series with a capacity of O.6m 3 and each with an area of l.lm 2 • The tanks had a 25cm floor of siliceous gravel (6-8mm diameter) and were filled until the water level was 20cm above the gravel. A superficial flow was kept in this system, the influent flow rate was 300Ud implying a theoretical hydraulic retention time of 3d in the whole system. The tanks Were High.rate algal pond (HRAP) -the system had a depth of 30cm and a volume of 0.46 1m 3 . A flow rate of approximately lOOUd (hydraulic retention time of 5d) was used in this study.
Waste stabilization pond (WSP) -a rectangular pond with an area of 15m 2 and 75cm. depth was used. During the experiment it was constantly kept with a theoretical hydraulic retention time of 24d.
Operation 01 treatment processes -all three experimental treatment plants were continuously fed with the same domestic wastewater from the main municipal sewer. Samples were taken weekly from August 1993 to January 1994 for wetland system and from October 1993 to August 1994 for HRAP and WSP.
Mkrobiologkal alUllysis -the following microbiological parameters were studied: Clostridium perfringens (Perfringens agar; OPSP; Oxoid), Pseudomonas spp (Pseudomonas agar Base; Oxoid), Staphylococcus spp (Bacto m Staphylococcus broth; Difco), bifidobacteria (YN-6 broth; Resnik and Levin, 1981) , total coliforms (mEndo broth; Difco), faecal coliforms (mFC broth base; Difco), faecal streptococci (KF Streptococcus broth; Difco). All samples were assayed at different dilutions with at least two replicates of each dilution, depending on the test microorganism.
RESULTS AND DISCUSSIONS
Macrophyte system showed a higher removal efficiency than HRAP and WSP. (Table I ). Removal differences between the three systems were only statistically significant for C. perfringens, bifidobacteria and coliforms, using the Kruskal-Wallis test for non-parametric methods of variance analysis. All three systems were coincident in showing the greatest removal efficiency for total coliforms with a progressive reduction of this performance for the rest of the microbiological groups tested. For both the HRAP and the WSP, the removal efficiency was lower than the results obtained by other authors (Mara et ai., 1992; Mara and Caimcross, 1990 ; Nascimento,.I987; EI Hamouri et aI., 1994, 1995) . Most authors focus their attention on indicator organisms such as total coliforms. faecal coliforms and faecal streptococci. For other groups e.g. Pseudomonas and C. perfringens, performances were lower than those found by Nascimento (1987) although very low efficiencies and negative removal rates have also been reported by Mendes et al. (1994) . Performances of 91.66%, 99.89% and 99.89% removals for total coliforms, faecal coliforms and faecal streptococci respectively, have been found by EI Hamouri et al. (1994 , 1995 working with a HRAP in bot climate conditions using 3d retention time in summer and 6d in winter. The macrophyte ponds (FWS) gave similar results to those found by others (Gesberg et al., 1990; Coombes and Collett, 1995) . Revision of several systems by Watson et at (1990) showed a quite wide spectrum of removal efficiencies depending on organic load and the hydraulic design of the system (free-water or subsuperficial flow) ranging from 82 to 99.9%. When retention times are considered ( Figure I ), the macrophyte system shows higher removal rates for total coliforms, faecal coliform..~and faecal streptococci, but HRAP gives a better performance for bifidobacteria, Clostridium, Pseudomonas and staphylococci. These results seem to indicate a differential behaviour between pathogenic bacteria and their indicators depending on the treatment system tested. In this work, the wetland system has shown a higher removal efficiency than than the microphytes ponds (WSP and HRAP). As cited by others (Kadlec, 1995) , bacteria and parasites are well removed by wetlands but the mechanisms are not well understood. Seidel (1976) reported that root excretions from aquatic plants were toxic to pathogenic bacteria although this has not been clearly demonstrated in free-water macrophyte systems. Sorption and predation are probably the most important processes for microbial reduction in these systems where light is attenuated by plants.
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